. Database for renal collecting duct regulatory and transporter proteins. Physiol Genomics 13: 179-181, 2003. First published March 19, 2003 10.1152/ physiolgenomics.00021.2003.-The mammalian kidney collecting duct plays an important role in the fine regulation of Na, K, water, and acid-base balance. Functional genomic and proteomic studies of the kidney offer new opportunities in the understanding of renal physiology and pathophysiology, and the collecting duct is an appropriate target tissue because of the relative simplicity of its cells and the ease of isolating or culturing large numbers of collecting duct cells. Study of the collecting duct includes assessment of gene expression and protein regulation and abundance. For example, DNA and protein microarrays can be used to quantitate gene expression and protein regulation and abundance under varying physiological conditions. An Internet-accessible database has been devised for major collecting duct proteins involved in transport and regulation of cellular processes. The individual proteins included in this database are those culled from literature searches and from previously published studies involving cDNA arrays and serial analysis of gene expression (SAGE). Design of microarray targets for the study of kidney collecting duct tissues is facilitated by the database, which includes links to curated base pair and amino acid sequence data, relevant literature, and related databases. Use of the database is illustrated by a search for water channel proteins, aquaporins, and by a subsequent search for vasopressin receptors. Links are shown to the literature and to sequence data for human, rat, and mouse, as well as to relevant web-based resources. Extension of the database is dynamic and is done through a maintenance interface. This permits creation of new categories, updating of existing entries, and addition of new ones. regulatory protein; transporter protein; microarray THE MAMMALIAN KIDNEY COLLECTING DUCT plays an important role in the production of both concentrated and dilute urine, as well as regulation and balance of water, Na, K, acid-base, and divalent cations (6, 12, 13). As such, its physiology and pathophysiology is a subject of considerable interest (2). To this end, an area of current investigation is gene expression and the regulation and abundance of collecting duct proteins (3). To provide a reference resource for such studies, and as a general tool for study of collecting duct tissues, we have developed a tool to access mRNA and protein sequences for genes expressed in the collecting duct, and in particular for regulatory and transporter proteins.
current investigation is gene expression and the regulation and abundance of collecting duct proteins (3) . To provide a reference resource for such studies, and as a general tool for study of collecting duct tissues, we have developed a tool to access mRNA and protein sequences for genes expressed in the collecting duct, and in particular for regulatory and transporter proteins.
An important application is in the design of cDNA microarrays. DNA microarrays are a potential tool for evaluation of renal function as described by Hsiao et al. (9) . Use of DNA microarrays to measure RNA expression under various physiological conditions requires selection of DNA or gene products for the target array, as well as isolation and labeling of RNA from tissue samples. Protein arrays and antibody arrays are also beginning to be developed, and these are a potentially powerful means to evaluate the proteome. The Internet-based database that we describe should be useful in the design of the target array to test specific hypotheses; for example, to compare gene expression and protein regulation under varying physiological conditions (3). The goal is to facilitate development of arrays that contain gene products of interest against which mRNA and protein expression levels can be quantitatively assessed.
METHODS
We developed a database that organizes lists of genes found in collecting duct tissues from three mammalian species: human, rat, and mouse. Proteins are divided into categories by family relationships and functional classification, and each category is assigned a section in the database. Over 25 sections constitute the database, accessible at http:// mrb.niddk.nih.gov/cddb/, and the section headings appear in a table of contents shown in Fig. 1 .
Each section includes links to the literature and to sequence information for genes, proteins, expressed sequence tags, and related information. The user can peruse a section or use a search engine at the bottom of the web page to search the database for a name or abbreviation or for a link to a sequence. Each entry in the database includes links to relevant papers in the kidney and collecting duct literature. We use links to PubMed (18) to generate MEDLINE (15) searches for retrieval of references. In addition, each entry includes links to curated sequence data available in LocusLink (17) . Individual links are made to sequence and protein data for human, rat, and mouse. Links are then added as curated sequences become available for proteins Article published online before print. See web site for date of publication (http://physiolgenomics.physiology.org).
identified in the renal collecting duct and for proteins identified in kidney and similar in function or homologous to proteins identified in the collecting duct.
The database has been created using PostgreSQL (http://www.postgresql.org), an open-source relational database management system that implements most SQL constructs (16) , and resides on the Mathematical Research Branch web server (http://mrb.niddk.nih.gov). The scripts that connect the database to the web pages are written in PHP (10; see also http://www.php.net), an open-source, server-side, cross-platform, HTML-embedded scripting language that is used to generate web pages dynamically. The web page scripts themselves are maintained under the control of the Concurrent Versions System (CVS) (7; see also http://www.cvshome.org), an open-source concurrent version system.
RESULTS
Consider a search of all search fields in the database for the search string "AQP", as shown in Fig. 2 . The search yields the aquaporins shown in Fig. 3 . Although all the aquaporins shown are not expressed in collecting duct, we include proteins that belong to the same family and are expressed in kidney. Note that all search fields have been selected, and the search has not been restricted (filtered) by requiring an entry in any of the linked databases. The links are to search MEDLINE entries that refer to collecting duct (C), to MEDLINE entries that refer to kidney (P), to LocusLink entries for human, rat, and mouse (L), to the Online Mendelian Inheritance in Man (O) (8) , to GeneCards (G) (19) , to the Rat Genome Database (R) (24) , and to the Mouse Genome Informatics database (M) (1).
After use of the links shown in Fig. 3 , one may do another search as shown in Fig. 3 or return to the Table of Contents. A search for "avp" retrieves data links for the vasopressin receptors shown in Fig. 4 . Additional external resources (see Fig. 2 ) include I.M.A.G.E. (14), the Mammalian Gene Collection (21), and UCSC Genome Bioinformatics (11, 23) , where a search for additional information can be done. Links to "Review Board" and to frequently asked questions "FAQ" are also shown.
DISCUSSION
Advances in genomics have made possible the study of transcriptional changes that underlie differences among organisms (22) , and microarray technology serves to facilitate gene identification (4). SAGE has been described for quantitative mRNA profiling in the mouse kidney (25) and for study of the transcriptome in a cortical collecting duct cell line (20) .
Here we describe the implementation and use of a database to facilitate the design of experiments for the determination of gene expression in kidney collecting duct. Hence, we seek to retrieve references pertinent to each gene product and to retrieve the most reliable sequence information available. As data becomes available in the literature and databanks, the database is updated, and links are added. A web interface is available for maintenance (http://mrb.niddk.nih.gov/ cddb/admin), including creation of new sections and additions and extensions of the database.
A preliminary report of the database was presented at the SIAM Annual Meeting in Rio Grande, PR, July 10-14, 2000.
Each section of the database was reviewed by experts in the specific area. We express our appreciation to the reviewers, who are listed under "Review Board" at http://mrb.niddk.nih.gov/cddb/ misc/review.html.
